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117-211-D Inter-Actant Nyquist Problem
GUDIYA Grid’s New Responsibility

The Nyquist Problem Was Larger Than We Thought

e GUDIYA originally encountered the Nyquist problem while considering the enormous difference
between the rate at which machine cognition can evolve and the rate at which a human observer
can observe it.

e The intuition was straightforward:

Machine-Speed Cognitive Dynamics > Human-Speed Observation
o Between two meaningful human observations, an agent may undergo hundreds or
thousands of relevant state transitions.
o The human sees:
Ao — Aiooo
o while the actual trajectory may have been:
Ao— A1 > A2 — As — ... — Aiooo

o The observer therefore does not merely receive less information.

o The observer may reconstruct the wrong trajectory.

o This is the cognitive analogue of ‘Nyquist Aliasing’.
e But there is no reason this phenomenon should be confined to the Human < Machine boundary.
e The same problem can exist:

o Machine <> Machine

o And in a large multi-agent system, this may be considerably more consequential.

Machine Speed Is Not One Speed

It is tempting to divide the world into two temporal regimes:
Human Speed and Machine Speed
But this distinction is inadequate for an agentic ecosystem.
Two machine actants need not evolve at remotely similar rates.
Their effective rates of cognitive change may depend upon:
o Model inference speed
Reasoning depth
Context size
Memory operations
Tool calls
Network latency
Environmental interaction
Recursion
Workload
Orchestration architecture
Number and density of couplings
Rate at which new information enters their respective contexts

OO0 O OO OO OO0 O0OO0

e Consequently:
VA(Cog) # V¥(Cog)
even when both A and B are machine actants.
e One agent may change relevant cognitive state ten times while another changes once.
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Another may change it ten thousand times.

Therefore, One machine-speed actant can effectively become a human-speed observer relative to
another machine-speed actant.

This changes the stability problem substantially.

The Inter-Actant Cognitive Nyquist Problem

Consider two coupled agents:
A-B
Let the relevant state of Agent A evolve with characteristic cognitive bandwidth:
FA
while Agent B updates its representation of A at an effective observation rate:
F(B<—A)
The classical Nyquist theorem applies rigorously to band-limited signals, not directly to arbitrary
cognitive processes. Nevertheless, its engineering lesson is extremely useful:
An observer must sample sufficiently rapidly relative to the dynamics it is attempting to
reconstruct.
o If:
F(B—A) K FA
o then B cannot necessarily reconstruct A’s trajectory faithfully.
A may actually undergo:
Ao— A1l > Ay > As > As— As
while B perceives only:
Ao — As
B has not necessarily observed an incorrect state.
It has observed an insufficiently resolved trajectory.
From that sparse trajectory, B may construct an incorrect model of what A is doing.
This is:
INTER-ACTANT COGNITIVE ALIASING

O O O O O

The Dangerous Part Is Not Missing Information

The most important consequence is not simply that B missed A: through Aa.
B acts.
Suppose B receives information about A at time to and constructs: A(to)
But before B formulates and transmits its response, A has evolved:
A(to) = A(t1) — A(t2) — A(t:)
B then sends an action appropriate to: A(to)
But the recipient is A(ts)
B is therefore communicating with an A that, cognitively speaking, no longer exists.
A now reacts to B’s stale response.
B subsequently reacts to A’s reaction.
The system becomes:
Rate Mismatch

!
Undersampling

!
Aliased State Estimate

!

Mistimed Response

!
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Feedback
!

Dynamic Instability
This is no longer merely an observability problem.
It is a stability problem.

The Nyquist Relationship Is Directional

Another important property follows.
The relationship:
o A—B
o cannot automatically be assumed equivalent to:
o B—A
Suppose B can observe A at adequate resolution:
F(B«A) > F(Required,A)
That tells us nothing necessarily about:
F(A<B)
It is entirely possible that:
o B « A=Adequately Resolved
o while:
o A« B=1Undersampled
The Cognitive Nyquist relationship is therefore potentially:
o Directional
Asymmetric
Dynamic
Context-dependent
Workload-dependent
Time-varying
A coupling that was stable five seconds ago may not remain stable if one actant suddenly
accelerates.
This leads to an important conclusion: Actant compatibility itself is dynamic.

O O O O O O

Rendezvous Management Acquires a New Responsibility

This gives much deeper meaning to GUDIYA’s earlier development of Rendezvous Management.
Rendezvous Management cannot merely answer:
“Can Agent A communicate with Agent B?”
Nor is it sufficient to establish:
“Do A and B understand the same protocol?”
Or even:
“Are their semantics mutually comprehensible?”
The Grid must increasingly ask:
Can these two actants observe each other s relevant rate of cognitive change with
sufficient temporal resolution to interact safely?
Thus, a rendezvous has several compatibility dimensions:
Protocol Compatibility
J’_
Semantic Compatibility
J’_
Authority Compatibility
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_l’_
Temporal-Dynamic Compatibility

This last dimension is critical. Communication compatibility does not imply dynamic coupling
compatibility.

Velocity Alignment Becomes More Than a Metaphor

GUDIYA previously described Rendezvous Management as performing something analogous to
velocity alignment.

o The mid-air-refueling analogy was particularly useful.

o Two aircraft may both be extraordinarily fast relative to the ground.

o But successful refueling does not depend primarily upon their absolute speeds.

o It depends upon their relative motion.
Likewise, two agents may both operate at extraordinary machine speeds and yet rendezvous
safely if their relevant cognitive motion is sufficiently aligned.
Conversely, two much slower agents could be dynamically incompatible if their relative cognitive
velocities are large.
Absolute machine speed is therefore less important than something resembling:

o AV2B(Cog)

o and the ability of each actant to resolve the other’s relevant dynamics.
Rendezvous Management must therefore become partly an exercise in:

o Cognitive Velocity Management

An Agentic Gang Makes the Problem Explosive

Now consider an emergent multi-agent structure:

Suppose their effective rates of cognitive change differ substantially:
FA=10

FB=100

Fe=1,000

FP =10,000

FE=100,000

There is no single “machine speed” describing this system.

Instead, there exists a field of relative cognitive velocities.

Every edge potentially possesses its own temporal compatibility:

NAB, NBA NBe NeB Neb, NPe

A five-agent system therefore does not contain merely five cognition rates.
It contains a network of directional temporal relationships.

As the number of actants and couplings increases, the Grid must reason not merely about the
nodes:

A,B,C,D,E

but about the dynamic properties of the edges:

A-B

B« C

CeD

D<E

and, critically, the loops those edges create.
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Aliasing Can Enter a Feedback Loop

Consider:
A—-B—-C—-A
Suppose B is observing an aliased representation of A.
B responds incorrectly.
C responds correctly to B’s incorrect response.
A then responds correctly to C.
Every actant may therefore behave locally rationally.
Yet the loop as a whole can become unstable.
This produces a crucial GUDIYA principle:
Systemic instability does not require an irrational actant. It can emerge from rational
actants operating on temporally distorted representations of one another.
e The problem then begins to resemble familiar dynamic-system phenomena:
o Sampling Error + Latency + Phase Lag + Gain + Feedback
o which can produce:
o Oscillation — Overshoot — Amplification — Resonance — Instability Eruption
e This is an important shift in how multi-agent failure should be understood.
e The failure may not reside inside any individual agent.
e [t may reside in the dynamic relationship among them.

The Grid Must Observe the Edges

Traditional agent observability tends to ask:
“What is Agent A doing?”
GUDIYA must additionally ask:
“How well is Agent B currently able to perceive what Agent A is doing?”
These are profoundly different questions.
The Grid therefore needs telemetry not merely about:
State”
but potentially:
o State®
RateOfChange
ObservationRate(B«—A)
Latency#B
StateAge(B«—A)
PhaseRelationship”®
ReconstructionConfidence(B«—A)
CouplingGain”B
Relative Cognition Velocity
o Nyquist Margin(B«—A)
e The Grid would then be capable of detecting:
o Agent B is losing temporal resolution on Agent A.
o Dbefore the resulting interaction becomes unstable.
e This introduces a profound observability shift:
e GUDIYA must observe not only the actants, but the quality of the actants’ observations of one
another.

O OO0 O O O O O

Cognitive Nyquist Margin

e This suggests a potentially useful new stability quantity:
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Cognitive Nyquist Margin (CNM)
Conceptually:
CNM(B«A) = Observation Bandwidth(B«—A) / Required Observation Bandwidth(A)

The exact formulation remains a research problem. Cognitive dynamics are not necessarily
conventional band-limited signals, so this should not yet be treated as a literal application of the
classical Nyquist equation.

But the conceptual quantity is valuable.

A large positive margin suggests that B has ample temporal resolution with which to observe A.
As the margin deteriorates, B approaches a region where its representation of A may become
unreliable.
Eventually:
o Adequate Resolution — Marginal Resolution — Aliasing Risk
The important contribution is not the provisional equation.
It is the idea that:
o Temporal observability has a stability margin.
o And if a margin exists, it can potentially be:
* Measured
*  Monitored
= Forecast
* Governed
* Protected
= Restored

GUDIYA Can Intervene

Once the Grid detects deteriorating temporal compatibility, it need not immediately terminate either

actant.

It has a much richer stabilization repertoire.
GUDIYA could:

Increase observation frequency
Increase telemetry resolution
Reduce interaction frequency
Slow one actant

Buffer messages

Synchronize state checkpoints
Require acknowledgement barriers
Reduce coupling gain
Temporarily serialize interactions
Introduce intermediate Stabilants
Separate unstable feedback loops
Renegotiate the rendezvous
Re-establish phase compatibility

In other words:

GUDIYA need not stop cognition. It may simply need to bring coupled cognition back into
temporal compatibility.
This is classic stability engineering applied to cognition.
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A New Interpretation of Phase-Locked Pipes

The Inter-Actant Cognitive Nyquist Problem also strengthens GUDIYA'’s earlier intuition around
Phase-Locked Pipes and Distributed Phase Management.
The purpose of phase management may not merely be orderly communication.
It may be necessary because independently evolving cognitive actants can lose temporal
coherence with one another.
The Grid therefore performs something analogous to synchronization in other engineered
dynamic systems:

Observe

!

Estimate Relative Motion

\
Align

1
Couple

l

Monitor

l

Correct

This begins to connect several previously separate pieces of the GUDIYA Cognitome:

Cognition Velocity

!
CCS Relative Motion

!
Cognitive Nyquist Margin

l

Rendezvous Management

1
Phase-Locked Pipes

l
Distributed Phase Management

!

Cognitive Envelope

They may be different manifestations of one deeper requirement:
Dynamic cognitive systems must possess sufficient temporal compatibility before they can be safely
coupled.

Why the External Grid Becomes Necessary

This discovery also strengthens the architectural case for an external GUDIYA Grid.
Could sufficiently intelligent agents simply manage this problem themselves?
At small scale, perhaps some aspects could be negotiated locally.
But the fundamental quantities involved are relational and system-wide.
Agent A sees A.
Agent B sees B.
Neither necessarily possesses authoritative knowledge of:
o Allrelative Cognition Velocities
o All directional observation rates
o All state ages
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All phase relationships
All coupling gains
All emerging loops
All interactions occurring elsewhere in the system
The trajectory of the system relative to its collective Cognitive Envelope
As the number of actants grows, the stability problem moves from the nodes to the
network of relationships among the nodes.
e Therefore:
o Multi-Agent Stability # Sum of Stable Individual Agents
o A thousand individually excellent, aligned, reliable agents can still constitute an unstable
multi-agent system if their dynamic relationships are unstable.
o This is precisely where an external stability layer becomes structurally important.

GUDIYA Grid’s New Responsibility

e The Grid’s responsibility therefore expands.
e Itis not sufficient for GUDIYA to determine:
o Who may communicate?
e [t must also determine:
o Who may safely rendezvous?
e And eventually:
o At what relative cognitive velocities may they remain coupled?
e This turns GUDIYA from a communication governor into something much more consequential:
o A Dynamic Cognitive Coupling Stability System
o The Grid must continuously evaluate whether the rate at which one actant changes
remains compatible with the rate at which coupled actants can faithfully observe that
change.
o When that relationship deteriorates, GUDIYA must recognize the condition before:
= Rate Mismatch — Aliasing — Mistimed Response — Feedback — Instability

O O O O OO

e Thus:
o Governance may make the Grid desirable. Dynamic coupling may make the Grid
necessary.

Inter-Actant Cognitive Nyquist Principle

e Inter-Actant Cognitive Nyquist Principle
When the relevant state of one cognitive actant evolves faster than a coupled actant can
adequately observe and reconstruct it, the observing actant may perceive an aliased
trajectory and respond to a representation that no longer faithfully describes the other
actant. Under reciprocal or feedback coupling, this temporal mismatch can itself become
a source of systemic instability.

e GUDIYA Responsibility

o The Grid must monitor the temporal compatibility of coupled actants and maintain

sufficient observation, synchronization, phase relationship, and stability margin for safe
rendezvous.

The Larger Discovery

e The original Nyquist intuition appeared to reveal a limitation of human supervision:
o Human Speed « Machine Cognition Speed

e We now see that the underlying problem is much more general.
o Itis not fundamentally:
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o
It is:

Human versus Machine

e Observer Dynamics versus Observed Dynamics
e The observer may be:

O

O 0 O O O O

A human

Another agent

An API

A robot

An orchestration layer
A CEE

Or GUDIYA itself

e That last possibility imposes perhaps the most important requirement of all.

e The Grid itself must not become the undersampling observer of the Cognitive Field it is
responsible for stabilizing.

e Therefore:

O

O

O
O

GUDIYA must possess sufficient temporal resolution to observe the fastest stability-
relevant dynamics under its authority.

Otherwise, the stability infrastructure itself could experience the very Cognitive Nyquist
problem it was designed to prevent.

Grid observation bandwidth is therefore not merely a performance specification.

It is a stability-engineering requirement.

The Emerging First Principle

e The Inter-Actant Cognitive Nyquist Problem exposes something deeper about multi-agent
systems.

O
O
O
O
O

Intelligence does not abolish dynamics.

Alignment does not abolish latency.

Reasoning capability does not abolish sampling limits.

Communication does not guarantee temporal compatibility.

And individually correct behavior does not guarantee collectively stable behavior.

e Therefore:

O

O
O

O

The Grid is not required because agents are unintelligent. It is required because
intelligence does not eliminate the physics of interaction between independently changing
systems.

This may ultimately become one of the strongest first-principles arguments for GUDIYA.
Multi-agent systems do not merely need a mechanism that allows their members to talk to
each other.

They require infrastructure that ensures they can keep up with each other.

Final Principle

e Jtis not enough for two intelligent actants to understand each other.
e They must be able to keep up with each other.
e GUDIYA Grid’s new responsibility is to ensure that they can.
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Inter-Actant Cognitive Nyquist Problem
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